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PROBLEM TO BE SOLVED: To provide a process 
for efficiently removing or capturing the 
contaminant impurities intruded into a 
semiconductor substrate and a semiconductor 
device during the production process and 
applicable even in the case of a thin epitaxial layer 
formed as a defectless layer. 
SOLUTION: A silicon single crystal ingot 3 pulled 
up from a molten silicon 2 in a quartz crucible 1 by 
CZ method or MCZ method is cut off from the 
molten silicon 2 in the course of the pull-up 
operation and the temperature of the silicon single 
crystal ingot 3 is quenched from 1 ,200°C to 600° M 
C. Exclusively a region 3a containing excess void 
is taken out of the silicon single crystal ingot 3 and machined in the form of a wafer 5 
and an epitaxial layer 6 is formed on the wafer 5 to obtain the objective semiconductor 
substrate. 
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[4#fttf#©t5B] 

6 3 I * ±tf ft XfiffitfgEPSn? 1 £ _hlf ft C J: 0 § I £ Xlf & 

i2oo- cwi^e.6 0 0- c&T^x^TSiei 

©*£&9fflLX, •> xvM'JdIT 5^2 ©IS*:, 

fcSifrr -5 m 3 ©I® i: i» 4 * 3 i: ZftWt. £ T 5 
#£«©»&#». 
[»#*2] H^SotjKffrx.^ftfcv' U ^ 

ttft-f>^y h*5l£_ktffc«, Wlf 1 200- ClJl± 

5:600' CMTZTMtfs-fzmi ©Xgi:, 

Uuiafg i ©xe-cfMttsnfciiWBS' 'J => >^ 

©*£Sx9ti}U ^xAvtiOox-f 2>&2©xe£, 

^Sjg-r-s^acoxefcift^^srfc^afc-r*^ 

fflt&mm<D7v ft* ft- 1 2 0 0- CJiUi 

o^^OUiU ^x/NtrSnX-r-5^2©Xgi:. 
BiJ f B ? x ; n ± l~ i tf ? * -> £ L X 
*f^T*#3©xefc!&»&fc*3i:**&«i:T*¥i* 

[8M&S4] li(rlESBl©I@©&K> HUBS' U ny* 

• C~600" C©®HX-S^^Xti6 0 o- C 
*^400* C*-C»J*-T 3$&4©X@£fT 

©^•r^it*^ 1 7bm.3<D^-rftfr i trtetj©*^* 

[|f^JS5] fflrlB»2WX@W^t, Btf|E^x^»z*t 
LX5 0 0' C-8 0 0" CWSHX^toS^^^S 
0)T.n*ft?Zi:Zftmt:TZm*JM 1 75M4©Wfix 
^ 1 CR*©3M»#2£fi©«i6;frtt;. 

[R#Jg6] flrlEffc 2 ©Xg© {£»::, HufS?x;N©g 
BtJJfffiBlff©* 'J > 'J ^ >Jt£^/£-t-2>^6©X@£ 

ftoz£*ft®£-rz>m*mi7bW4e>\^ftfri\ziz 



C^*^7] fnB¥«tt£&+©KX*Af*, 16 P 
pm~3 5ppmt*4li:l:!|$ai:t4l#Sl75i 

6 ©v^n** i tia«©*#«:sis©^^ft. 
[!f#jg8] BtriBf&iwxgKfc^x, Miav-'J^y 

0. 5ppm~l 5 ppmtTZZ 

m. 1 75M7 ©wrna> 1 ces^inMEcocBS^ 

fto 

[&E©P*fflfcI»9n 
[000 1] 

[^^©g-rsft^if] c©iswi. ^***«©ii 
jg^ft»3#o> sitxtfft (czfe) ^ia«w*n 
sitxifft (Mczft) {z<tofFS$n/c->'j 3>jms 

Hl*>?,JnX$n, LS I^©^^«f-fflVNe>n-5* 
##S«£^t-*¥*#£8?©S&iS^feKgtj-t-5o 
[0002] 

[£*©&«] L S I ^©¥#&gfi»i, 
LX, PN&^C^T'J-^mtfEA^&l^il^MO 

fc*sg#£n3. Zftbnft&L&'JSltZitzmmv lo 
i;LX» «?lt©§lt_Ltfft (CZ(Czochralski method) 
ft) ^»-> n >M%i(Dttffi.*MM-t%tztbizMm%%))Ja 

ft (MC Z (magnetic field applied Czochralski metb 
od)ft) i;J:*)-> l J3ym5:fiiU ^->'J3V 

*#^s«±j-*#^e$rSit-r^xgc*jv^x, ¥ 

A'ilALX LS^l i;* s ^lf ?>Jx^)o 3 © <fc -5 £erf&^ 

fcLX, W^y^'JV^g^?., Z\<DVv* 
"J >i/j$«©4'X*l.JE< f^Jffl$nxv^^> t,©© l -3t: 
LX, ^#^«a^^ry•>^"J>^/tg»$:»Ac■li•*'< , 
> h U > ^ >^ft ( I G(intrinsic inter 

nal gettering)ft) ^fe*, C Zft-^MC ZftC J; Off 
SUSnfcv' U 3 >#«A«:10XLT»€)*Lfc*«n*a6« 

ihLltmmii^m^H LXtSA$nXV>i*5, IGftX 
liw©6$^* 5 tfTai-r-5 d i: c «t ^^^tLfc^al^PlaH 

[0 0 0 3] LA>L, Cl©l$^ail3d:^l^SXReA 5 # 

m^-ti-XL^do i:T, 3©«i;^^FcgS5:)SftT^ 
^fti:LX, flJAtf, H. Tsuya. K. Ogawa. F. Shimur 
a. Jpn. J. Appl. Phys. 20. L31 (1981). \Zfflvi£fttz 

*ft* 5 *>-5„ c©^ftx-fi, ¥&&m&mm\zmkmm 

Sr. ¥m&miRftmz\} I Gftir J: Off^M^Sry ■> 
9 >)>7-f%<Dtztb(D<Kffimt&Zteft-?Z><, *"T, >'J 

zi>mm^taj:Lxm^fttziy')zj>m^i 150 
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• C-1 2 00- ComfflT'&MmL, y'J^vifiS 
©Sfc, ->'j3>^$r500 - C-800* C©eBT* 

«waar * 3 1 c * <o , •> >j 3 y«srtajc*f c»* 

^I#I1fi«it*B. UtfifcLfcl 1 5 0* C~l 
2 0 0" CClBHTOjfc^CioTRfciBKitf-HHS 

[0 0 0 4] J3LL8«JLfc, -£©*J1K«*|5|6I1A S , * 
<7)(^gi5iry •> * 'J >y©fc©©fc&fe««#7&SSiT.fc# 

JB©e*ajr*J: , 3K«>ifc«)C, 4$MBB6 3 

-2 27 02 6t^CHwSnfc, CZj£-S>MCZj£ 

Lfcx if* *->*;uffiR«:ffijrf 3 
©xtf?*->-wi<S«f±, KtII* 5 7~10ppm, 
g?3fi&g* s 3 0 ppmBfJa >«tE±Cl, Rff 1 0 /7 
m~ 1 5 x/m©xtf?*-> + ;UJf a ? ^/£5nT*£-5o ^ 

iftfc-T. *i\ JUlOXSfcLT, ±§EXfc?**i' + A' 
■5„ *C, f^CDXghLT, *xfcf**S/ WW&«© 

m 2 ©xeTti. xteMi i (7>xg-cx tr? * -> + 

fcftCfToTlvfc 1 1 5 0' C-1 2 00* C©ffiBT* 
(i, %*©*KNSfli «t 9*Sfii&Jt© J:^x tf* + ;w 
[0005] 

63-22702 e^^CHCTSftfefEXa^MMME 

[0 0 0 6] xtr**-> + >H5£J£JS-r*fc*© 

KJS*PT»*C 1 m©A*X$r^-r?)fc«6, CKDC 1 £© 

*«* 7- > U *g£© #^E*«:Kft-r 5 3 C J: 0 , 
^©f8*Lfc#*El^e>^f&LfcMo^F e^A 5 , x 



[0 0 0 7] ifi*©i|itMMt«©JMWfcCffV\ 

ami*, *-r a. 

■©J|C4Rt«»t©®rtC*i^4^— tt«r*«-r4fc© 
C tfcS£I!©KJS*P _ C>' 'J 3 vM±i:i tr* + a- 

c.*v*Ttt5 >yc-> 'j 3 >*s%ap»-r *fc©, •> y 
fiRLT#e>nfcxtr^*->r^SK:*5v-»Ttt, &##t 

tB^S.^m^»* 5 #m»r 'p tt < & o X L * -5 i: ^ -5 R3g 

$nzt. {s@c*5v«T^-<x©/jNS\,^3gtfftii^su r 

^S^a©^«fm^Rt/Wffi^©?gK*5l5i:A^^ 

&im<o-%m sare*fc5E $ nr l £ -5 * t e>n a . 

[0008] &oT, *»^*ffi<3DSS«1ffai^RC/^ftil 
©JglSE.tffiSftC) © ©j^^LS©^ «fc 0 ft < -f -5 & 

set:, &&SB#K£ft< LJi^T^*#ftii^st/wai 
^A^^RL/j^ft^St^cSn-Si:, xtf^*>' + ;u 

7/) #) . xtf^*->+^©m^*^i>*^ 
[0009] '©2£w*, ±.m<D&m\zm*.xt£2ntz 

t©X, *#fl^«^#ilf<*SIB©«jfiXfi+Ci|£#* 
i: L-c^jffi$n-5xtT^^-> + ;uM* 5 SfV'>a-a'»r^Sffl 
[0 0 10] 
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6nfc->v =3 :/»*a»e>3igr±if 

j*X»i«»BMJn3l tllffei: J: 951 t±lf&+©-> 'J =» 
A -f > =f * h tr JiE •> 'J ^ 0 m L tz 

±IE'>'J3i >mm&<< >zf y K7)iSg&l 2 0 0- 

±K» 1 ©ISTfl5»Sftfc v U 3 >J|UMH 
-t© F^i^fC C f££ L fefflfLfciMJ iz^-t 5 
£lt9ffiU ^x^KJoX-f -5S?2CDX@fc, ±IB^x 

/>±tx if ? * -> + frm*mi& L-t*&wmwL*wk* 

[0011] »*3fi2fB*0»WH«4*!lWMHRO« 
t±tfftX(iSi»EP;!J[i3l t±lf*fcf-<fc 9 -> 'J ^ v^iTb 

00' Cl^TST*,%^-rs^l ©Xgi:. ±8Egn©X 

e $g± l ;tss?i* mm iz #*-r -5 o a l , 

[0 0 12] W#«3fc*©«iHC{R*¥*^«©S 

4 yzty h £31 £±lf _hffi-> 'J a yiMgdW >=f 
WkOfuy^OU.S.^tl^iXl 2 0 0* CfcLLCJn 

h A^^^rtas^n^ Ltz<£n*&miz<km-tz>mt!8.(D 

*£&9£iiU ^x/NHSDX-r-5^2©XSi:, XIB^ 

x /\±kx tr * * v * >\<m*M)$. LT¥mfcm&*mi& 

[0 0 13] Stfc, «*3S4K«©^ti, **«17i 

M3©wrn* 1 \z^m<»*mwmwL<D$kik'fi&iz& 

•y hXtiXfEjS:&wyao'^COiaS$r4 0 0' C-60 
0" CODffiHT— S«^Xti6 0 0' CA>e>4 0 0 
• C$-C^-r-5^4<7)X@?rfi : ^3i:Sr«f®i: LTV> 

[0 0 1 4] lf#«5K«c©#£ipm, lt*^17iM4© 

I2©IScd»i:, ±ISt7x^»;*tL-C5 0 0' C~8 
0 0* C©ttHT«^3&fT3*5©IS*fT-5C:i:*: 

[0 0 1 5] fflt*S6IB«cZ>#£fE«:, !it#iS 1 75M 4 <D 

v^-rn^ 1 \ztm.v>*mwm&<r>w&.-fim\z%*j » ±gs 



[0 0 1 6] lf*^7ia«0%Wfi, »*^17!)M6© 
VvTft^l CfE«©¥##««©Siii:frteK«9, ±SB 
^ttSlS+aSfcs&iiSSfi, 16ppm~35ppmf 

[0 0 17] tff*g(8galt<Z>%9JI2. »*JS17T;M7© 

U ±!5¥3«££«*©#Hg)gg£0. 5 P pm~ 1 5 
ppmtt5:i:5:«®t LTl^. 
[00 18] 

[f^ffl] zcD&w<Dmf£<D¥m#mfo<D$&i&J : imz£iri 

fcS/'j3>*tSft-f hX^n^©SSS:l 2 0 

0' CJJl±*»e>6 0 0' CWT*t?S»Lfc«. ^<Diy 

* Ltz&jt*&m\z^?z>mt&<D*-*m k> m l-o x 

#^S«OgiiiX^g4■ ^?Hflt|6« iz mX 

tz, ^x^^Str^^RSBiiLT^fiXSit^xif^^i/ 

[00 19] 

XMfttoizfto. 

a. %\<owm\ 

m i z.(D&w<Dm i ©njte0ij-cab-5^#^s«©gi 
it^te&^-rxegiTfe-s, wt, i%a->u©gi 
xe^tfjwr-5. *-r> 01 (a) iz^T^^iz, 5^ 

•Sot? (jffifij^) 1 <,z9?x.t>ft.tzi'>)ziyffl.1&2fr<bC 
Z^XttMC Z j^tr i *) 31 t±lf >"J ^ >*isa 

-r h 3CDiagti, 1 200* ctt±cituxi^ 

•So ^4tit-^ ; &^LTV>S. 1^0 

(a) Ctt, MCZifttfflV^, 98*15: WJp-fSfci*© 
mHSHtt^LTV^V^ ^rZl-C. 3l£±tf "J = 
V^liSsa^ h 3 5r, ->'J 3 >^2A^^)0ilL 

fc^. ^05SS§:6 0 0- CWTfT. «Ux«, 4»g 

v^fa-f yiyh 3©^Sl5A^^tEiS:-rs©-C, 

«7)^?Lti, SfCS (1) -C^-rJ:-5^g?StFftilW{eji»; 

[0020] 
[»1] 
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2S i + 20 i + V-*S i 02 (1) 

[002 1] £Jfc:£ ( 1 ) izte^T, S i (i-> U u >W. 
O i \i&Am^&i®£ LT-> 'J n v**£ft-r > 3** 

S i O2«g?^tffttl^-C*5o «c*S, -> 'J 3 yitMSH-f 
>3*y h 3<DUm* 1 2 0 0' CULb&»e>6 0 0* cut 

2-&%tztb\Z* -£©iSg£4 0 0' C-600* C©® 
It- jgtiWftJOTS J:-5CLTtav^ ::©*§£■, & 
mmmt. 1 6ppm~3 5ppm* J g*Ll\, ffe©H 

[0 0 2 2] «fc9**«fffi*(EjlS-r«fc«>»r, C 

ZftXttMCZttm^TfJ 3>JM§ft-f >if» h 3 

#|g*fc*CK**«slPLT^AV^ WSJ-?!*, «t 

3PFtMi L t 3/ y ^ -r > =f * h 3 ©*&^ 

>P^O-tn<fc0 3 0%--4 0%/J'>SV'«©-C, ^©JMffl 

tB^c-f'-rv'CD-cfe^o ;:©*•£•, M#jgs«, o. 

5 p pm~ 1 5 p pmi ! it LV\ ffeW^Ug^JT^lBlSI 
C0 0 2 3]i^i:, i"j3V#^yi^3©^ 
x^5irttlXL/c^, 3©^x>-v51Z*tLT, 500' 

c~8 0 0" c©ffiffl-e^a%ffv\ 

fi$-a--s (hh (b) ) . .r©&&3lfi, ->y3vJMS 

\\ * Lt< [5) a (c) ^i/\5±i:x 
if * * 6 £^i£ LT¥*fltS«*:Si6T5. 
[0 0 2 4] B. H2©II5S0IJ 
Jfcir, MI2©HS6W::-^T!&f¥i-r-&o 02fi, 3©% 

3„ £-f, 02 (a) izmt^o^ eStSoffi ltr 

^e>n/;>"j3>a)gi 2*»?>cz)*xtiMczjfe»r 

J:^'J3>#^^ h 1 3£3lt±tffc&, 

2\z'&mn j &xi' y a >iMfc2©«itji&*+fl-si** <fc 

?£-fSfc#»r, ffi^J:0fi<^fiScLfck-^ 1 4CJ: 
^T->y uv^fa^ h 1 3^$rfflS!;6<JirJn^ 

LT-ecDSgfcWtfl 2 0 0' ULL»::±#Sitfcffc, — 
£B*Mfc«rr«. fr*5, 02 (a) MCZffiKffl 

E, >y zj >f >rf > h 1 3©fig5r6 0 0- C 

iaJM#*«*l 3a*»J«S-l*«. ±ieffn©fi 



=f» h 1 3©iSg£4 0 0* 0-6 0 0" C©ffiHl?— 
£B$F4»}f Lfc ►) , C Z feXtiM C ZftC J: £> -> >J u > 

^S-f h l 3f£»i$K:, 5fS4off i i ftiz/s 

[0025] *C, ->y 3>lMS*-f V^y M 3©^- 

U -)iai sirSnXLfc^, -)iAi5oSii:UI 
1 # mSSO'-K 'J i/ V 3 > € 1 6 SrJEWfr & (0 2 

(b) #K) „ rcaii^ t&ftm.h\sX\t. jjbivi 
©ll^l«|J^r^3^t-5't;I>'^5S^x^a)l»^^lS : Sr6 2 0• c 

# y -> y n yd i 6 l&F&yaoyy » 9 v t 

t^K^n&o CO^aSSrPBS (Poly-sil icon Back 
Seal) &Mt:<&&Z£\Z-rz> 0 ^ UT. 02 (c) IZtf 

[0 0 2 6] C. »3©ISSte«tJ 

gSTfe-So l^T, «15:iaoT^©S|jgXg$:IKWr 
-So £"f> CZ^XfiMCZtetrJ:'? v'J 3>#Mft^ 

-><j >zf y S3 (a) CSti^ 

jSS^JJ0^D^2 1 a25.T/2 1 btr^-f 
S„ ^ny^2 1 aSZ/2 1 h^ix^ixl 2 

0 0* CWXtSn^Lfc^, 6 00' c&TS-e, giJx 

4»@s-c,%^l, to^wz^mm^mm2 

©Hi60IJi:ram. &mzfc£T, ZV>1fc&-7vy92\ 
aS.l/2 1 b05SS=&4 0 0' C-6 0 0* CCDffifflT* 
-fetifffltikft L tz 0 , CZSXIiMCZSCJ:^-/ 1 ^ 

[0 0 2 7] #yo.^2 1 aRlf2 1 bCD^S 

a5=&«»JL, ^?LigfiJ-^*«la!{2 2aSU t 2 2b©^?r 

ftyjiju ^ia2 3»ripxL7t^ «0ficjc;i:T» 3 

09^x^2 3\ZM LT5 0 0" C-800" C<Z)®fflT 
JIWWl*ffV\ SS*Wffi^ ; Srfiic*$-l+^ (03 (b) # 
o ^LT, 03 (c) tr^-TJ:-5tr, -> I /\23± 
(r x tT ^ + v + 2 4 L T^*^*«^Sit-r 

So 

[0028] jfcc, ±s5,mi~m3onmm?>m&?jm 

itLfc^#aS©^i:ifc©-r^^toC, ^f4^f^S 

u, n^mao>'fv9 y )>?v> j fci-*®M^tz. 
9 *is + }i>m*mi$.L. se>»z^©±jrA i &^rrs 
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iggftDLTS (Deep Level Transient Spectroscpy) 

C0 0 2 9] ®4izftmLtzuw<D&mz*-ro 

^ 1 Rlf 2 ©§**4a 5 _bfS#fflBS 6 3 - 2 2 7 0 2 6 ^ 

lfi*T*feO, i#l4#^ERtfF©f*m>:!§3-&MCZ8; 
ft{£/8U ^©ftfe©f£^#^©tCtt©«£(iCZi£ft<£ 
fflLfc, S&*jft«»i> 535 So f3T^e> ©S£3f©i§»ft£ 

l>m#^A~F©im©i#£-^ s/'Ja:/*^** 

-> 'J 3 y#»*t*Ci»taf%*JP L 

[0 0 3 0] 1200-600" C©$M£:tt, > 'J 
a^Bi^Jy hXfi^n -> ;?©figftl 200- 
CA>e>600- CST»if©J:3Kfl£TSttfcj&»%tt*L 

fOlSS^fiTS^ K*4#-f-A~ I ©im©«-&li. 
±!EMIl~Sg3©|gJte0IJTia«8 LfcJ:-5C, -?:©iS«ft 
1 200" C*»e>600' CST4»gS-Cf.!ftSli-t 
6 0 0-4 0 0' C©&HSi:ti, > 'J 
uvlMSA'f >=ff hX»i^ay^©fig5r6 0 0" C 
^6400' C£T*£©<fc?C{£T£t>-fc;&>ft^SfcLT 
l^So f**4#*§-K 2. B&.ZfD<Dtm<Dm&&'&&(D 

?j!£-e*©®Kft{£T$-ti\ ^tfAsi; i ©tm© 

©Sgft450- C-C2^WSrLT*30, t**4CK.I/ 
E~H©*§£-&. -£©iSSftl&}££l±Tl^. 

[0031] xt?jBj«*iiwrffi*uii:tt» i/>)?ymm 

&4s>ziy hXli^o * ^ft^xMCtall-fctfe, -7x 

tr x tf 9 * -> * ;m ft ffi^-f £ in c * ^ © 

i^lXjU-^^ftE^LTV^S,, 2. AS. 

l/G05K*4©«-^fi^^SftffiS"^. *W»*C~E 
©Stt4©l§£-ti±fe L*: P B S&SftS! U i#Pf#-§-B 
<DU.W<Dm&te J Z<DUl£ : &6 5 0' C-C2^FW»«fL, 
^S^F©^il4©#-&»i-?:©SSft7 5 0- CT2^ 

Hfiy$u isms^HwiSttw^B-ii^wisSfteso 

• CTMIBtPbIG^U §**4#^§- 1 ©i*tt©i§£-li-*:©iS 
fift8 0 0- C-C2^^LTV>^ 0 xtfgffi:!*. 

IK^©^i^©£o^-ai8J5£-e£&i'>©TN xt??* 

vWUll©/£ftl$©B#F B 1Tlg;Pft^3LT^-5o fr*5* 
¥»<MSIt*fWr ^x/vftSKxfcf?*- 
•>WUB»J*ffeC**7 0 0- CT*3B#r B 1^toSftMiL 



1 0 00* CTM^SSfc&Sft^T&I^fc-S 
^-©*§£-»i, xe?*->wWf^J5£&@t-*5V>TiS 

a s n i> m&m c * * ft afs-t * *j © * e> . 

[0 0 3 2] FeC«t-5fflfett, y'JnyTOv^ 
•y h-Xttyav^ft^x/NCinlL/ilfe, ^x/N^Sft 
APM (TV^xTig*) -*DHF (#7v») —HP 
M (£§fc§*) h^nmz-ffift Ltzlk. fritz, Fel: 
ct-S^ti, M?W.XftVrRV>%kmmf0l*%imLtzt,o) 
ft -7 x VNSEMKjfgT U ^ftft^xvvSM^ffcKJStffc 
f£, Xtf>3- h Ltz±.Z*&.m2-&ZZ£lZ£K>?7-? 
fco ;&fI*i§&©?iST*t±, gj*t0Fef!M^S 
m&KXmT-mTg.Ltz&flZ l x l 011cm-2i:&:£J:-5 

[0 0 3 3] W±lil^ LfcSST-^ x A^Si^F et 

j£U Se>»r^:0±^A 1 ^Ift^CtCiOv'a •> 
KftT&SU xfcf**-> + ^®<f©F e 
i6Kft8l5£Lfc. aJ^fe*ftE!5tX^-ro 4"lHlfflV>fcD 
LTSIi> F e (D&thfB.RA' 1 1 x 1 010c 

S^-l RU t 2<7)^ir*3l''T«. ^x/Nfcxtf^ + -> + 

t^VNTxtf^*>'-v^B I t'»3t£tiL.> fv9*) 

^#^lRr/2©t*;!f4i:ifcRLT, FeiSS* 5 2ffiW 

A-frMZMlS.? -Slitr, 1 200* Ci'f.600 1 C£ 
T-W^^S^COfeCD^aftSS-r 3 tr J: o T^fig 

snfcy^^t-f h tf^tiaizm^tztztbt^z.ibtiZo 

•J n ym^F e&f-v Y iZte-^Zi^tzisbt 

[0 03 4] EI4^^LfcH#4fc|5lfll^t©ft^ 
^SSi:L> ^<D±.iZ9" ■<1t— KftJ^fiRLT, ^©P 
N^^-tr fcl* * 'J - * mSiEfti!J^ Lfco 0 6 \z C © ffl^ 
■C#*#Mt«±C»J«bfc^'f *- K©»rBSft^-r, 
E4^r^•r^:T©SC*4^-ov^■c, ^x/N^afrx 
tr^4r>v>»ve^^, BS^wairofcfcc, 700- c 

T©3^ii!)i&lSt;i 0 0 0' C-C©4B#fyjCD&4!L 

HftiSU *^*«3 i i:-r-2>„ :o*s»as3 l 
IxmMB. 1 2 0 k e V, B»iSS5 x l oi3atoms 
/cm2SS7?#a (B+) ftftALfcgL 1 17 

5* C"C2^© K7>f/'f >^aSftfTV^, Pi^i* 
S3 2ft^J5?"r-5,» LOCOS (local oxidatio 

n of silicon) J: 0*^fiRm«3 3X1/^^ 

J£»®3 4ft^fiRL.T^'C*- KfTS. 
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[0 0 3 5] 3©J:?KftgSft*:*W*- KcoNMfiS 
lci34i:PS^x;H3 2i:i:J:oTMSn5PN 

fftjf 3 4 500//mx500//mfib5, 0 

7ir^-f V-:?mS!W)fKfi, x /N®fl 2 0 OfiCQPN 

<=>2 0%©<lTfe-5o ^xyNffirt^e>2 0 OfSCDPNjg 
L T 8J5£ L T V * S © X* (7) <i tr « e> o t A* & 3 
±IBmi~m3 0HS6WcoSi^fefr«};Og^Lfc 

tt> :£T 1 0-12A££fflJ.*.e>ftTl'>-5„ :W:*tL 

^if4#^- 1 Rlf 2 cq1**4cd 'J - * m?9f[ii> 1 0-7Ai^± 

A«ii:xe?^-> + ^mfctitik, m^ta<Dtztb\z, 

7 00' CTC03^©fi^SIS.U t 1 0 0 0' C"CC9 4 

e^^v + ^gTafeoTt,)^ B H B ^|5fl5r^$^ PNi 
\z is tt S 'J - * « jJK Wfi * < fc S c i: A* o 

[0036] :m:^Lt, -tiami ~~ms<o%mmo 
m&t>m\z&n\z, mm^\hHams.^MWimzts:^x 

htffrfritz. z<D&3fk. xtf?*i'WUlc9$l<P : §:5S 

^i:* s -Ct-5o Sec, ^?U®S'J#*«i£A>?>'5xM£ 

•5 0 Sfc, ^Ifrai^A^^C&SJ&A'&Sii-g-Tfc, 
x tf ? * > + ;wlf ^j£b# t-^.ata^&Ji A 5 & 3 ft -5 <7) 

T\ ^ftCfcoTlsKg-CtSo 

[0 0 3 71 C©|g^w5lSS0II£0®£#MLT 
Ste&LTtfcA*, A#M&lgfimcc9ffe&0JKlEeftS 

©ffi|E^* s feoT^3C9^tr'&3ftSo #JA*i. ±i£ 

<DmiRvm3<Dnmm\z*>\^T\z, ^cject, 

x^5«r^LT500- 0-800' CO&WXmMm 
ZftitzmZmLtzfiK rftCPS^Sftf, ±i$©^2 



©^2©5IJ60iJC*3V^-t, ^iaI 5fflSIi:If 1 u 
mggco* 'J -> 'J =i ym 1 6 Sr^-T SMlCftxt^ 
■^x^Sir^LTS 0 0" C-800" C co^BT'S^ 

[0038] 

im\v>w%i \>x±mwLtz£o\z^ z\<Dftw<Dmis.iz 

J: ftff, 3 1 £ Jh If ffiXlilfci EPfln? 1 1 ±lf ft C <t 0 f^S 
Snfc->'J3 > v ^ » h x y a •> ? cotag £ 1 

2 00* CW_LA>e>6 0 0' COTittftLfcS, 

CH£ LfcS?l£^*C^*-t S««cCD*£Ifc 0 ffi U 
x /\ iz tax L x co <y x »r x e ^ •> + n>l§ & l& 
f$.Lx*mftm&t: ltv^cd-c, ^^ss^*^ 
^Bco^igxe+c^*^*« C S A S ft 

x>^®^^XR5ei: tT^JS^ftSxtf^ + i/^^e 
[EIScofflJ*/j:M^] 

[^ i ] z.o>§m<Dm i ©nj6t&j-cfc3^*#ffl£c9S 

[H2] 3O^^C0^2©Hi(g^J-CfeS^#^1gC0SI 

jg^i*^^-rx@s-eabSo 
[ei 3] zcD&momsantemxibz^m'fc&iRvm 
m.um^mtTMmx'^o 

[g|4] S£*««S.t;3C0SIWC0«-||S6#iicr)^*#:*« 
[05] ^g^Rt/3C0^Wc0#3I^JC0^#:SS 

©giit^ffii- =t o sigs ntz*m&mwi<D¥T&*7jk-fm 

X&Zo 

[06] «£3fe^S.T^-C0^WC0#HSS^JcD#^*S 
coSiig^fttr £ 9Sig£ft/c¥*#»£±CfEgi Lfc ^ 
'f Kco»i®0TfeSo 

[07] se^ams.i/wCo^wcD#nj6McD^^ss 
co^it^ft tr £ o sig $ ft tz *m&m&±. iz ffgLfc/ 

[^cofiw] 

1 5^S-^fS 

3.13 i"J3 V#ife B |l' h 

3a, 13a. 2 2a. 22b ®FUSPJ"g-*«S< 

5. 15. 2 3 ^x^n 

6. 17. 2 4 iW + J't^I 
16 # "J •> 'J n 

2 1 a. 2 1 b yn-^ 
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(b) 



.15: 



(C) 



[03] 



21b: :/o** 





17; Ittf^ + iS+AAl 

15 
16 



[04] 



« 


51* 


sac 

[ppmJ 


ft* 
*3 

[ppmj 


1200- 
600 X! 


600- 
400 X 

©ass 




Cam] 


i 


CZ& 


30 


7 


a* 


as 


«u 


15 


2 


CZfc 


35 


15 


aw 


a* 


*u 


10 


A 




36 


a4 


a& 


4fiOTZhr#ft 


*L 


5 


B 


czfc 


34 


as 






B50°C2hr 


3 


C 


CZ& 


22 


03 






PBS 


3 


D 


czfc 


26 


as 




3ft 


PBS 


3 


B 




22 


0.4 


a* 




PBS 


2 


F 




22 


0.4 




Oft 


750X!2hr 


2 


G 


CZ& 


34 


15 




tt* 


*b 


2 


H 


CZffi 


34 


4 






650t:4hr 


3 


I 


CZfc 


28 


4 






800t)2hr 


6 



[05] 





PeSBT 




FeSS 


I 


2.1 x 10 U cm S 


E 




2 


UxlO^cm 3 


F 


31 x lO^cnT 3 


A 


3L4 x 10f°o£ 3 


G 


2.5X IC^ct 3 


B 


43xl0 10 cnr S 


H 


1.8xlrf°cm 3 


C 




I 




D 







[06] 



[07] 




